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Avg Average

CB Chlorinated biphenyl
CDF Confined disposal facility
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% CV Percent coefficient of variation
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deg Degree
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FWENC Foster Wheeler Environmental Corporation
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MS Matrix spike
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NA or n/a Not applicable
NC Not calculated
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�g Microgram (1 �g = 10-6 g)
VOC Volatile organic compound
WHO World Health Organization



L-6

METRIC CONVERSIONS

Non-Metric Unit Multiplied by Yields Metric Unit
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Mile 1609.344 Meter (m)
Pound (lb.) 0.453592 Kilogram (kg)

Gallon (gal.) 3.78541 Liter (L)
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1.0 Introduction

URS Corporation (URS), under contract to Foster Wheeler Environmental Corporation
(FWEC), measured the emission flux of polychlorinated biphenyls (PCBs) associated with
dredging operations.  This report summarizes the results of the testing performed by URS.

1.1 Background
The New Bedford Harbor Superfund site is located in New Bedford, Massachusetts.  The

18,000-acre site is an urban tidal estuary with sediments that are contaminated with PCBs.  Local
manufacturers of electric devices used PCBs from 1940 to the late 1970s, when the US EPA
banned the use of PCBs.  Industrial wastes containing PCBs were discharged directly into the
harbor and indirectly, via the city's sewer system.  As a result, the harbor is contaminated in
varying degrees from the upper Acushnet River to Buzzards Bay.  The highest levels of PCBs
occur in the northern Acushnet River Estuary.  Tidal action transports contamination from the
upper harbor to the lower harbor, and ultimately into Buzzrds Bay.

A pre-design field test was performed during August 2000 to evaluate one dredging
approach being considered for use during the future full-scale remediation.  The dredge was
floated on a barge. Sediments were dredged from several cuts (areas) in the harbor where the
level of PCB contamination has previously been characterized.  Sediments were removed from
several cells within each cut.  The dredging approach utilized equipment to accurately position
the dredge at areas of suspected contamination to minimize the amount of sediment to be
removed.  The dredged material was placed into a hopper on the barge and ultimately pumped to
a confined disposal facility (CDF) located on shore. The dredge bucket was self-sealing to
minimize loss of water and sediment during transfer of the dredged material from the harbor to
the hopper. Equipment on the barge was used to control the percent solids in the pumped
material and thereby minimize the amount of wastewater to be treated.

1.2 Objective
URS used a flux chamber to collect samples of gas-phase PCBs, which were sent to an

off-site laboratory for analysis.  The flux chamber was placed over the emitting material and
operated as specified in "Measurement of Gaseous Emission Rates from Land Surfaces Using an
Emission Isolation Flux Chamber - User's Guide", EPA/600/8-86/008, February 1986.  XAD
resin was used to collect the PCBs.
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The overall objective of the sampling effort was to characterize the emission flux of
PCBs from each emission source associated with dredging operations.  The emission flux was
measured at and around the dredge barge, as well as at the CDF where dredged material was
pumped for storage.  The effect of additives (e.g., surfactants) was measured.   Ultimately, the
measured emission rates will be used as input to an atmospheric dispersion model to estimate
impacts to local air quality.
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2.0 Technical Approach

This section contains a description of the technical approach that was employed in the
study.  The test matrix is given below, followed by presentation of the sampling procedures, test
description, analytical procedures, calibration procedures, and sample handling procedures.

2.1 Test Matrix
A total of 27 emission flux tests were performed, following the test matrix summarized in

Table L-1.  The tests fall into three general categories: 1) Tests to characterize the emissions
from the dredge barge; 2) Tests to characterize the emissions from the confined disposal facility;
and 3) Tests to characterize the effectiveness of various options for emission control at the CDF.

2.2 Sampling Procedures

2.2.1 Flux Chamber Sampling
The air emissions of PCB’s from the various sources were measured using a flux

chamber, a standard US EPA measurement method (Ref. 1).  Flux chambers have been widely
used to measure emission fluxes of volatile organic compounds (VOCs) and inorganic gaseous
pollutants from a wide variety of sources.  The method has been applied to measuring emission
rates from quiescent surface impoundments (Refs. 2, 3).

The flux chamber is an enclosure, which is used to isolate and sample gaseous emissions
from a defined surface area (0.13 m2). Clean, dry sweep air is added to the chamber at a fixed,
controlled rate (e.g., 0.005 m3/min).  The volumetric flow rate of sweep air through the chamber
is recorded and the concentration of the species of interest is measured at the exit of the chamber.

Emission flux measurements provide an estimate of the amount of a single species or
multiple species being emitted from a given surface area per unit time.  These data can then be
used to develop emission rates for a given source for purposes of predictive modeling for
population exposure assessments.

The flux chamber is effectively isolated from most external environmental conditions
such as wind speed.  Therefore, the measurement data are not strongly dependent on the
meteorological conditions present at the site on the days of sampling.  The data are thus directly
comparable from day to day and site to site.
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Table L-1.  Test Matrix

Test
Series Location Description of Test

No. of
Tests Notes

A CDF Fresh slurry transferred into container 3
B CDF Water surface of CDF 3 Test series A material + water layer
C CDF Sheen on surface of CDF 3
D CDF Water surface near sheen 2
E CDF Sheen + surfactant 3 Test series C location + surfactant.  Three

separate surfactants were tested
F Dredge Barge Moon pool 4
G Dredge Barge Outside silt fence 3 Measurements made in area immediately

after dredge moved out of area
H Dredge Barge Hopper / grizzly screen 3 Headspace sample
I Harbor Mud flat in harbor 3 Measurements to be made at areas with

relatively high levels of PCB contamination
N/A Reagent Blanks 2 One blank included per shipment of samples

to off-site laboratory

Data Comparisons:

A vs. B = Control effectiveness of water cover
C vs. E = Control effectiveness of surfactant
C vs. D = Evaluate model assumption that floating oil layer reduces emissions
C vs. F = "Reality check" of measured emission levels
A vs. I = "Reality check" of measured emission levels
F + G + H = Total emissions from dredging barge
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There is a practical limit to the size of the flux chamber.  Therefore, it is necessary to
make a series of flux measurements to assess the spatial variability in emissions for a given
source. These data allow estimation of an emission rate with a known confidence limit; i.e., a set
of emission flux (mass/time-area) measurements are necessary to estimate an emission rate
(mass/time) for an entire source. Repeated measurements at a given location can be performed to
assess temporal variability.

The testing procedures used during this study were based on the EPA User's Guide for
flux chamber monitoring prepared by URS (Radian) for the U.S. EPA in the 1980's. A boat was
used to access the sampling points, both at the dredge barge and at the CDF.  The flux chamber
was outfitted with a flotation system (i.e., inner tube from an automobile tire) and operated
adjacent to the boat.  Two flux chambers were operated simultaneously for some sources.  The
generic sampling procedure was as follows:

� Move equipment to the location to be sampled;

� Begin sweep air flow;

� Record time, meteorological conditions, and temperatures;

� Place clean enclosure on emitting surface;

� Monitor flowrates and note when steady-state concentrations are reached;

� Record air temperature inside the chamber;

� Collect samples;

� Remove enclosure; and

� Decontaminate enclosure prior to next use.

The flux chamber was operated at a sweep airflow rate of 5 liters per minute (0.005
m3/min).  It typically takes three to four residence times before steady-state concentrations are
reached inside the chamber and sampling can be initiated.  The residence time,�, is defined as the
chamber volume divided by the sweep air flow rate.  For this study, the volume of the flux
chambers was 30 liters, so steady state conditions were reached after 24 minutes [(30/5) x 4 =
24].  Sample collection began 24 minutes after the start of each run and samples were collected
over a period of 60 to 120 minutes.
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2.2.2 Air Samples
Once steady state concentrations were achieved inside the flux chamber atmosphere, the

PCB samples were collected.  The samples were collected through one of two sample ports at the
top of the flux chamber.  Each sample port consisted of a perforated sampling tube extending
about six inches into the flux chamber headspace to ensure a representative sample.

PCB samples were collected using about 40g of XAD resin contained within a standard
glass trap used in stack sampling by modified method 5 (MM5).  The inlet to the glass trap was
connected to the flux chamber sample port using teflon tubing.  A sampling pump was used to
collect the PCB samples at a flowrate of approximately 2.5 L/min.  The flowrate was determined
using a rotometer attached to the outlet of the PCB sampling apparatus.  The samples typically
ran for 60 minutes, yielding a total sample volume of 150 L. At the conclusion of the sampling,
the glass trap was removed from the apparatus, wrapped in aluminum foil, and placed into a
transport container.  The transport container was labeled with all necessary sampling
information.

2.2.3 Source Samples
Samples of the water, slurry, or other contaminated material under the flux chamber were

collected as part of each emission flux test.  Grab samples were collected from the surface
immediately under the flux chamber, if this area could be accessed, or immediately adjacent to
the flux chamber, if the area under the chamber could not be accessed.  The samples were
collected in 125-mL glass containers with minimal headspace present and stored on-site at 4�C.
FWEC was responsible for the analysis of these samples.  Results of these analyses are given in
Attachment F.

2.3 Description of Tests
Each of the series of tests presented in Table L-1 is described in the following

subsections.  Additional information may be found in the field data sheets  (see Attachment B).

2.3.1 Test Series A - Fresh Slurry
The dredged sediments were placed into a hopper on the barge, mixed with recirculating

water, and pumped about 1 kilometer to the CDF through a flexible pipe.  While dredging was
underway, slurry was continuously discharged into the CDF from the end of the pipe, suspended
about two meters above the water surface.
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Surface emission isolation flux chamber tests were performed on three samples of fresh
slurry to determine the steady-state air emissions from exposed slurry and sediment within the
CDF.  Samples of fresh slurry were collected from the discharge end of the pipe using a 5-gallon
plastic bucket fixed to the end of a pole.  The samples were transferred to a galvanized metal
wash basin that was approximately 0.5m (20 in) in diameter at its base and 0.6m (24 in) at its
mouth.  The depth of slurry in the basins was about 7.5 cm (3 in), yielding a total volume of
about 15 L (4 gal) of material.  The percent solids content of the three batches of slurry appeared
to vary, with the 2nd test (A2) having the highest solids content and the 3rd test (A3) having the
lowest solids content.

The flux chamber was placed within the wash basin with the bottom edge of the chamber
beneath the liquid surface to seal the chamber.  The tests were performed as described in section
2.2.

2.3.2 Test Series B - Water Cover Over Fresh Slurry
This test series was performed to evaluate the effectiveness of a water cover at the CDF for
reducing air emissions from the quiescent waste material.  Immediately after the completion of
test series A (see 2.3.1), the flux chambers were removed from the basins and 7.5 L (2 gal) of
water from the harbor was slowly added to the slurry surface.  The added water diluted the slurry
and increased the depth of liquid in the basins by about 5 cm (2 in).  The flux chamber was
placed within the wash basin with the bottom edge of the chamber beneath the liquid surface to
seal the chamber.  The tests were performed as described in section 2.2.

2.3.3 Test Series C - Sheen on Water Surface
The emissions modeling performed by FWENC prior to the measurement program

indicated that emissions from the CDF should be reduced by the oil sheen that forms on the
water surface.  The sheen serves as a floating cover or barrier to volatilization of the PCBs
present in the underlying water.  Surface emission isolation flux chamber tests were performed
on three areas of floating sheet to determine the steady-state air emissions from areas covered by
sheen within the CDF. During the initial days of dredging, a floating boom was used to contain
the sheen around the area where slurry was discharged entered the CDF.  The first two tests in
the series (C1 and C2) were performed simultaneously at adjacent locations within the boom
about 10m from the discharge end of the pipe.  Continued discharge of fresh slurry may have
contributed to mixing of the material under the flux chamber during these two tests.
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The third test in the series (C3) was performed the following day, by which time large
volumes of slurry had been pumped to the CDF and a "sand bar" of sediment had formed.  Test
C3 was performed over a light sheen outside the boom in an area containing large amounts of
sediment and not affected by the further discharge of fresh slurry.  All three tests were performed
from a small boat in the CDF.  The flux chambers were floated next to the boat and the tests
were performed as described in section 2.2.

2.3.4 Test Series D - Water Surface Near Sheen
This series of tests was performed to determine if the emissions modeling was correct in

predicting that the air emissions from water surfaces near a floating oil sheen are higher than air
emissions from the oil sheen itself.  Tests D1 and D2 were performed consecutively at locations
along the east wall of the CDF.  Test D1 was performed about 4.5m (15 ft) away from the
location of tests C3 and E3, near the area of light sheen.  For Test D2, the flux chamber was
moved another 3m (10 ft) away from the area of light sheen.  Flux chamber testing and
measurements were conducted as described in Section 2.2.

2.3.5 Test Series E - Sheen + Surfactant
This test series was conducted in conjunction with test series C.  Immediately after the

conclusion of tests C1, C2, and C3, a surfactant was introduced and the emission flux test
repeated.  Five to six squirts of surfactant from a hand-pump sprayer were introduced directly
into the flux chamber through the pressure relief hole on the top of the chamber.  The tests were
as follows:

� Test D1 = Dawn surfactant added to Test C1;

� Test D2 = Biosolve surfactant added to Test C2; and

� Test D3 = Simple Green surfactant added to Test C3.

Flux chamber testing and measurements were conducted as described in Section 2.2.

2.3.6 Test Series F - Moon Pool at Dredge Barge
Dredging was conducted in a rectangular area called the moon pool, which was bounded

on three sides by the barge and on the fourth side by a sediment fence.  Surface emission
isolation flux chamber tests were performed at four locations to determine the steady-state air
emissions from water and sediment stirred-up by the dredging action.
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The first two tests (F1 and F2) were performed immediately after dredging concluded for
the day on August 11 to avoid interfering with the movement of the dredge bucket.  The two
tests were performed simultaneously from the edge of the barge.  Tests F3 and F4 were
performed on August 14 while dredging was underway at the top of Cut 8.  The two flux
chambers were positioned adjacent to one another just within the sediment fence and outside the
reach of the dredge bucket. In all cases, flux chamber testing and measurements were conducted
as described in Section 2.2.

2.3.7 Test Series G - Outside the Silt Fence at Dredge Barge
This test series was performed to qualitatively evaluate the air emissions from the

sediment plume outside the silt fence.  Surface emission isolation flux chamber tests were
performed at three locations to determine the steady-state air emissions from water and sediment
stirred-up by the dredging action.  The sediment plume and any associated emissions can also be
estimated from water quality measurements performed by other contractors at the site, and these
water quality measurements should provide much better plume definition than the limited
number of air emission tests.

The first test in the series, F1, was conducted on August 11 at a location just outside the
silt fence while dredging was underway.  Moon pool test G2 was performed at a nearby location
immediately after the conclusion of test F1.  Tests G2 and G3 were performed simultaneously at
adjacent locations about 12m (40 ft) outside the site fence while dredging was underway.  Test
G3 was performed at a slightly farther distance from the dredging than Test G2. In all cases, flux
chamber testing and measurements were conducted as described in Section 2.2.

2.3.8 Test Series H - Hopper / Grizzly Screen
The dredged material was placed into a large hopper, where a grate (i.e., the grizzly) was

used to remove large objects.  The material that passed the grizzly was mixed with water and
pumped to the CDF.  The hopper was not suited for flux chamber testing, so an alternative
approach was employed.  A sampling line was extended down into the hopper to a level 10 to 15
cm (4 to 6 in) below the grizzly and a "headspace" sample within the hopper was collected while
dredging was underway and the hopper was being used.  Three "headspace" samples were
collected.
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2.3.9 Test Series I - Mud Flat in Harbor
The mud flats along the Acushnet River at the extreme north end of the harbor include

areas that are heavily contaminated with PCBs.  Surface emission isolation flux chamber tests
were performed at three locations to determine the steady-state air emissions from contaminated
soils.  The samples were collected for comparison to the fresh slurry tested in test series A.

The three sampling locations were selected from a map provided by FWENC showing
the results of shallow soil borings collected during a previous sampling effort this year.  The tests
were as follows:

� Test I1 = Soil boring SB-657, which contains 15,500 ppmw (dry) total aroclors at the
0-1 ft depth;

� Test I2 = Soil boring SB-602, which contains 9,500 ppmw (dry) total aroclors at the
0-1 ft depth; and

� Test I3 = Soil boring SB-650, which contains 16,600 ppmw (dry) total aroclors at the
1-2 ft depth.

The sampling locations are shown in Figure L-1.  The sampling locations are close together and
the survey markers were no longer present at some locations, so it was difficult to tell if locations
I2 and I3 were at the soil borings identified above.  Test I3 was performed about 2.5m (8 ft) from
the water's edge and test I2 was performed another 2.5m (8 ft) further inland.

All three tests were performed in areas that were wet and muddy, with lots of organic
matter in the soil.  Some vegetation was removed to allow the flux chamber to be placed onto the
location and worked into the ground to effect a good seal.  The flux chamber testing and
measurements were conducted as described in Section 2.2.

2.4 Analytical Procedures
All air samples were shipped to Alta Analytical Laboratory (Alta) in El Dorado Hills, CA

for analysis.  Alta maintains USACE validation.  The PCB analysis was performed using high
resolution gas chromatography with high resolution gas spectromery (HRGCMS)(mass
resolution >10,000) operating in selected ion (SIM) mode for total PCB homologue groups and
30 individual PCB congeners.  The samples were extracted within 10 days of the date sampled
and the extracts were analyzed within 40 days of extraction.
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All liquid and solid samples were turned over to FWENC for compositing and off-site
analysis for PCBs.  The results of these analyses are shown in Attachment F.

2.5 Calibration Procedures
Rotometers were used to maintained sample and sweep air flow.  The calibrations of the

rotometers were completed at the URS Austin laboratory, prior to shipment to the field.  Using
these calibration data, URS calculated sample flows.  The results of the various calibrations that
were performed are summarized in Section 5 along with other quality control results.

2.6 Sample Handling and Chain of Custody Procedures
Upon completion of the collection of each field sample, the sample was labeled with the

project sample number (e.g., URS A1).  The project sample number, along with the date, time,
location, and test number were recorded in the master data logbook. The samples were
decontaminated, if needed, and taken out of the exclusion zone. The samples were then packed
for shipment and chain-of-custody forms were filled out to accompany the samples.
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3.0 Results

This section presents the summarized results of the field measurements, with the
exception of the results of QC checks, which are presented in Section 5.

3.1 Summary of Tests
The key information for the 27 flux chamber tests is summarized in Table L-2. The

master logbook and the individual field data sheets may be found in Attachments A and B,
respectively.

3.2 Measured Mass of PCBs
The exhaust gas from the flux chamber was passed through XAD resin for subsequent

off-site analysis of PCBs.  These data are presented in Table L-3 along with the total volume of
air drawn through the sorbent.  The average concentration (ng/m3) of PCBs within the flux
chamber can be calculated by dividing the mass of PCBs in ng by the sample size in m3.  The
laboratory analytical summary is Attachment C to this report.

3.3 Calculated Emission Fluxes
Emission fluxes for each of the flux chamber tests are given in Table L-4.  The emission

fluxes for each test were calculated as follows:

where: E = emission flux (�g/m2 - min);
C = concentration (�g/m3);
Q = sweep air flow rate (m3/min); and
A = surface area (m2).

For all of the flux chamber tests, the sweep air flow rate was 5 L/min (0.005 m3/min) and
the surface area of source material that was monitored was 0.13 m2.  Therefore, the above
equation reduces to: E = (0.038)(C).

Note that the samples collected from the hopper are reported in Table L-4 as a
concentration (ng/m3), rather than as an emission flux.  As discussed in Section 2, these samples
are a headspace concentration of the air within the hopper.

 ))(( = 
A
QCE
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Table L-2.  Summary of Flux Chamber Tests

Test IDa Sample No. Date Test Type Location

Duration of
Sample

Collection
(min) Comments

A1 URS A16 15-Aug Fresh Slurry CDF 66 Slurry appears to be about 5% solids.
A2 URS A17 15-Aug Fresh Slurry CDF 65 Highest solids loading of the three slurry samples.
A3 URS A18 15-Aug Fresh Slurry CDF 64 Lowest solids loading of the three slurry samples.
B1 URS A19 15-Aug Slurry + water CDF 60 Two in. layer of harbor water added to A1.
B2 URS A20 15-Aug Slurry + water CDF 60 Two in. layer of harbor water added to A2.
B3 URS A21 15-Aug Slurry + water CDF 60 Two in. layer of harbor water added to A3.
C1 URS A10 14-Aug Sheen CDF 60 Sample collected within boom 50 ft. from

discharge end of pipe
C2 URS A11 14-Aug Sheen CDF 60 Sample collected within boom 50 ft. from

discharge end of pipe
C3 URS A23 15-Aug Sheen CDF 62 Sample collected in area of sediment "sand bar"
D1 URS A22 15-Aug Water near sheen CDF 63 Sample collected 15 ft. from location C3.
D2 URS A25 15-Aug Water near sheen CDF 60 Sample collected 25 ft. from location C3.
E1 URS A12 14-Aug Sheen + surfactant CDF 60 Same location as C1.  Surfactant = dawn.
E2 URS A13 14-Aug Sheen + surfactant CDF 60 Same location as C2.  Surfactant = biosolve.
E3 URS A24 15-Aug Sheen + surfactant CDF 60 Same location as C3.  Surfactant = simple green
F1 URS A8 11-Aug Moon pool Barge 60 Sample collected on starboard side, 10 ft. from

aft, starboard corner of moon pool
F2 URS A9 11-Aug Moon pool Barge 60 Sample collected on starboard side, 25 ft. from

aft, starboard corner of moon pool
F3 URS A14 14-Aug Moon pool Barge 60 Sample collected on starboard side at fore,

starboard corner of moon pool.
F4 URS A15 14-Aug Moon pool Barge 60 Sample collected on starboard side at fore,

starboard corner of moon pool, just beyond
location F3.

G1 URS A7 11-Aug Outside Silt Fence Barge 60 Sample collected just outside silt fence on
starboard side of moon pool

G2 URS A26 16-Aug Outside Silt Fence Barge 60 Sample collected about 40 ft. from silt fence.
G3 URS A27 16-Aug Outside Silt Fence Barge 60 Sample collected about 47 ft. from silt fence.
H1 URS A4 10-Aug Hopper / Grizzly Barge 53 Start/Stop over 120 minute period.  Dredging

cycle = 1 bucket every 4-5 min
H2 H2 11-Aug Hopper / Grizzly Barge 46 Start/Stop over 125 minute period
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Table L-2. Summary of Flux Chamber Tests (Continued)

Test IDa Sample No. Date Test Type Location

Duration of
Sample

Collection
(min) Comments

H3 URS A6 11-Aug Hopper / Grizzly Barge 43 Continuous sample
I1 URS A1 8-Aug Mud flat Along river 128 Location SB-657
I2 URS A2 8-Aug Mud flat Along river 120 Location SB-602
I3 URS A3 8-Aug Mud flat Along river 120 Location SB-650

aA = Fresh slurry
 B = Water cover over fresh slurry
 C = Sheen on water surface
 D = Water surface near sheen
 E = Sheen plus surfactant
 F = Moon pool at dredge barge
 G = Outside the silt fence at dredge barge
 H = Hopper/grizzly screen
 I = Mud flat in harbor
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Table L-3.  Measured Values from Flux Chamber Tests

Mass of Analyte (ng)
Congener Test A1

Fresh
Slurry

Test A2
Fresh
Slurry

Test A3
Fresh
Slurry

Test B1
Water +
Slurry

Test B2
Water +
Slurry

Test B3
Water +
Slurry

Test C1

Sheen

Test C2

Sheen

Test C3

Sheen
Sample size (m3) 0.162 0.201 0.177 0.148 0.187 0.169 0.199 0.142 0.154

PCB-8 450 1,800 2,400 230 1,600 1,700 2,800 1,800 710
PCB-18 470 1,600 2,900 240 1,900 2,200 2,000 1,100 840
PCB-28 130 380 610 110 690 880 360 160 100
PCB-44 88 190 260 88 250 430 150 75 93
PCB-52 160 370 520 140 450 740 290 120 170
PCB-66 3.9 9.4 -- 7.2 15 21 6.8 3.7 1.6

PCB-77, PCB-81 -- -- -- -- -- -- -- -- --
PCB-90/101 9.4 21 22 14 32 47 8.5 -- 4.2

PCB-118, PCB-123 -- -- -- -- 1.2 1.7 -- -- --
PCB-105, PCB-114,

PCB-126
-- -- -- -- -- -- -- -- --

PCB-151 -- 1.0 1.2 -- 2.6 3.2 -- -- --
PCB-128 -- -- -- -- -- -- -- -- --
PCB-138 -- -- -- -- -- -- -- -- --
PCB-153 -- -- -- -- -- 1.3 -- -- --

PCB-167, -156, -157,
-169, -170, -180, -187,
-189, -195, -206, -209

-- -- -- -- -- -- -- -- --

Total mono-CB 37 250 200 12 120 91 620 460 49
Total di-CB 1,400 5,900 7,400 700 5,000 5,300 9,700 6,400 2,200
Total tri-CB 1,600 4,900 8,900 1,100 6,800 8,400 5,500 2,900 2,300

Total tetra-CB 700 1,600 2,200 660 2,000 3,300 1,300 580 680
Total penta-CB 66 120 160 79 280 470 59 28 74
Total hexa-CB 3.7 7.7 9.2 6.4 12 5.5 2.7 1.5 1.1
Total hepta-CB -- -- -- -- -- -- -- -- --
Total Octa CB -- -- -- -- -- -- -- -- --
Total Non-CB -- -- -- -- -- -- -- -- --

Total PCBs 3,810 12,800 18,900 2,560 14,200 17,600 17,200 10,400 5,300
"--" = Not detectedTable L-3.  Continued
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Table L-3.  Measured Values from Flux Chamber Tests (Continued)

Mass of Analyte (ng)
Congener Test D1

Water
Near Sheen

Test D2
Water

Near Sheen

Test E1
Sheen +

Surfactant

Test E2
Sheen +

Surfactant

Test E3
Sheen +

Surfactant

Test F1

Moon Pool

Test F2

Moon Pool

Test F3

Moon Pool

Test F4

Moon Pool
Sample size (m3) 0.187 0.178 0.195 0.142 0.149 0.148 0.157 0.195 0.142

PCB-8 680 650 3,900 2,000 280 31 120 440 360
PCB-18 810 1,100 2,600 1,600 520 42 140 460 470
PCB-28 290 280 650 320 200 14 62 230 130
PCB-44 120 140 240 140 92 9.8 36 140 91
PCB-52 210 230 420 250 160 28 78 230 160
PCB-66 6.9 6.9 14 7.9 2.2 1.9 9.7 11 2.7

PCB-77, PCB-81 -- -- -- -- -- -- -- -- --
PCB-90/101 16 16 17 9.2 7.8 3.3 17 16 5.8

PCB-118, PCB-123 -- -- -- -- -- -- -- -- --
PCB-105, PCB-114,

PCB-126
-- -- -- -- -- -- -- -- --

PCB-151 -- -- -- -- -- -- 1.2 -- --
PCB-128 -- -- -- -- -- -- -- -- --
PCB-138 -- -- -- -- -- -- -- -- --
PCB-153 -- -- -- -- -- -- -- -- --

PCB-167, -156, -157,
-169, -170, -180, -187,
-189, -195, -206, -209

-- -- -- -- -- -- -- -- --

Total mono-CB 90 46 670 380 9.3 -- 4.3 29 17
Total di-CB 2,300 2,000 13,000 6,600 820 64 290 1,400 1,100
Total tri-CB 2,800 3,400 8,000 4,400 2,000 140 520 2,000 1,600

Total tetra-CB 920 1,000 2,000 1,200 670 110 340 1,000 690
Total penta-CB 130 160 110 64 90 16 76 100 47
Total hexa-CB 3.6 3.4 5.1 2.4 1.9 1.5 8.3 5.9 1.6
Total hepta-CB -- -- -- -- -- -- -- -- --
Total Octa CB -- -- -- -- -- -- -- -- --
Total Non-CB -- -- -- -- -- -- -- -- --

Total PCBs 6,240 6,610 23,800 12,600 3,590 332 1,240 4,530 3,460

"--" = Not detected
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Mass of Analyte (ng)
Congener Test G1

Outside
Silt Fence

Test G2
Outside

Silt Fence

Test G3
Outside

Silt Fence

Test H1

Hopper

Test H2

Hopper

Test H3

Hopper

Test I1

Mud Flat

Test I2

Mud Flat

Test I3

Mud Flat
Sample size (m3) 0.163 0.164 0.191 0.185 0.203 0.150 0.315 0.370 0.352

PCB-8 41 94 81 57 120 120 15 84 25
PCB-18 68 130 110 57 160 150 160 140 66
PCB-28 27 90 68 2.7 5 11 280 71 32
PCB-44 20 28 39 3.2 11 19 370 22 13
PCB-52 49 45 62 9.4 29 46 640 93 51
PCB-66 5.7 5.4 3.8 -- -- -- -- 2.5 --

PCB-77, PCB-81 -- -- -- -- -- -- -- -- --
PCB-90/101 5.9 11 9.5 -- -- -- 50 3.6 2.1

PCB-118, PCB-123 -- -- -- -- -- -- 1.5 -- --
PCB-105, PCB-114,

PCB-126
-- -- -- -- -- -- -- -- --

PCB-151 -- -- -- -- -- -- 3.2 -- --
PCB-128 -- -- -- -- -- -- -- -- --
PCB-138 -- -- -- -- -- -- 1.4 -- --
PCB-153 -- -- -- -- -- -- 1.4 -- --

PCB-167, -156, -157,
-169, -170, -180, -187,
-189, -195, -206, -209

-- -- -- -- -- -- -- -- --

Total mono-CB 2.3 -- -- 8.4 22 16 -- 7.7 --
Total di-CB 80 310 270 210 420 370 170 350 120
Total tri-CB 230 600 500 130 320 360 1,600 580 270

Total tetra-CB 200 220 290 33 100 160 2,800 310 170
Total penta-CB 27 76 80 1.2 3.4 10 320 23 14
Total hexa-CB 2.2 -- -- -- -- -- 27 1.6 --
Total hepta-CB -- -- -- -- -- -- -- -- --
Total Octa CB -- -- -- -- -- -- -- -- --
Total Non-CB -- -- -- -- -- -- -- -- --

Total PCBs 542 1,210 1,140 383 865 916 4,920 1,270 574

"--" = Not detected
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Measured Emission Flux by Test (ng/m2-min)
Congener Test A1

Fresh
Slurry

Test A2
Fresh
Slurry

Test A3
Fresh
Slurry

Test B1
Water +
Slurry

Test B2
Water +
Slurry

Test B3
Water +
Slurry

Test C1

Sheen

Test C2

Sheen

Test C3

Sheen
PCB-8 110 340 520 60 330 390 540 490 180

PCB-18 110 310 630 62 390 500 390 300 210
PCB-28 31 73 130 29 140 200 70 43 25
PCB-44 21 36 56 23 52 98 29 20 23
PCB-52 38 71 110 36 93 170 56 32 42
PCB-66 0.9 1.8 -- 1.9 3.1 4.8 1.3 1.0 0.4

PCB-77, PCB-81 -- -- -- -- -- -- -- -- --
PCB-90/101 2.2 4.0 4.8 3.6 6.6 11 1.6 -- 1.0

PCB-118, PCB-123 -- -- -- -- 0.2 0.4 -- -- --
PCB-105, PCB-114,

PCB-126
-- -- -- -- -- -- -- -- --

PCB-151 -- 0.2 0.3 -- 0.5 0.7 -- -- --
PCB-128 -- -- -- -- -- -- -- -- --
PCB-138 -- -- -- -- -- -- -- -- --
PCB-153 -- -- -- -- -- 0.3 -- -- --

PCB-167, -156, -157,
-169, -170, -180, -187,
-189, -195, -206, -209

-- -- -- -- -- -- -- -- --

Total mono-CB 8.8 48 43 3.1 25 21 120 120 12
Total di-CB 330 1,100 1,600 180 1,000 1,200 1,900 1,700 550
Total tri-CB 380 940 1,900 290 1,400 1,900 1,100 780 570

Total tetra-CB 170 310 480 170 410 750 250 160 170
Total penta-CB 16 23 35 21 58 110 11 7.6 18
Total hexa-CB 0.9 1.5 2.0 1.7 2.5 1.2 0.5 0.4 0.3
Total hepta-CB -- -- -- -- -- -- -- -- --
Total Octa CB -- -- -- -- -- -- -- -- --
Total Non-CB -- -- -- -- -- -- -- -- --

Total PCBs 901 2,440 4,090 666 2,930 3,990 3,320 2,800 1,320
"--" = Not calculated
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Measured Emission Flux by Test (ng/m2-min)
Congener Test D1

Water
Near Sheen

Test D2
Water

Near Sheen

Test E1
Sheen +

Surfactant

Test E2
Sheen +

Surfactant

Test E3
Sheen +

Surfactant

Test F1

Moon Pool

Test F2

Moon Pool

Test F3

Moon Pool

Test F4

Moon Pool
PCB-8 140 140 770 540 72 8.1 29 87 97

PCB-18 170 240 510 430 130 11 34 91 130
PCB-28 60 60 130 86 52 3.6 15 45 35
PCB-44 25 30 47 38 24 2.6 8.8 28 25
PCB-52 43 50 83 68 41 7.3 19 45 43
PCB-66 1.4 1.5 2.8 2.1 0.6 0.5 2.4 2.2 0.7

PCB-77, PCB-81 -- -- -- -- -- -- -- -- --
PCB-90/101 3.3 3.5 3.4 2.5 2.0 0.9 4.2 3.2 1.6

PCB-118, PCB-123 -- -- -- -- -- -- -- -- --
PCB-105, PCB-114,

PCB-126
-- -- -- -- -- -- -- -- --

PCB-151 -- -- -- -- -- -- 0.3 -- --
PCB-128 -- -- -- -- -- -- -- -- --
PCB-138 -- -- -- -- -- -- -- -- --
PCB-153 -- -- -- -- -- -- -- -- --

PCB-167, -156, -157,
-169, -170, -180, -187,
-189, -195, -206, -209

-- -- -- -- -- -- -- -- --

Total mono-CB 18 9.9 130 100 2.4 -- 1.1 5.7 4.6
Total di-CB 470 430 2,600 1,800 210 17 71 280 300
Total tri-CB 580 730 1,600 1,200 520 36 130 400 430

Total tetra-CB 190 220 400 320 170 29 83 200 190
Total penta-CB 27 34 22 17 23 4.2 19 20 13
Total hexa-CB 0.7 0.7 1.0 0.6 0.5 0.4 2.0 1.2 0.4
Total hepta-CB -- -- -- -- -- -- -- -- --
Total Octa CB -- -- -- -- -- -- -- -- --
Total Non-CB -- -- -- -- -- -- -- -- --

Total PCBs 1,280 1,430 4,700 3,420 925 86.3 303 896 934
"--" = Not calculated



Table L-4 Measured Emission Fluxes (Continued)

L-27

Measured Emission Flux by Test (ng/m2-min)
Congener Test G1

Outside
Silt Fence

Test G2
Outside

Silt Fence

Test G3
Outside

Silt Fence

Test H1
Hopper
(ng/m3)

Test H2
Hopper
(ng/m3)

Test H3
Hopper
(ng/m3)

Test I1

Mud Flat

Test I2

Mud Flat

Test I3

Mud Flat
PCB-8 9.6 22 16 308 592 798 1.8 8.7 2.7

PCB-18 16 30 22 308 789 998 20 14 7.2
PCB-28 6.4 21 14 14.6 24.7 73.2 34 7.4 3.5
PCB-44 4.7 6.6 7.9 17.3 54.3 126 45 2.3 1.4
PCB-52 12 10 12 50.7 143 306 78 9.7 5.6
PCB-66 1.3 1.3 0.8 -- -- -- -- 0.3 --

PCB-77, PCB-81 -- -- -- -- -- -- -- -- --
PCB-90/101 1.4 2.6 1.9 -- -- -- 6.1 0.4 0.2

PCB-118, PCB-123 -- -- -- -- -- -- 0.2 -- --
PCB-105, PCB-114,

PCB-126
-- -- -- -- -- -- -- -- --

PCB-151 -- -- -- -- -- -- 0.4 -- --
PCB-128 -- -- -- -- -- -- -- -- --
PCB-138 -- -- -- -- -- -- 0.2 -- --
PCB-153 -- -- -- -- -- -- 0.2 -- --

PCB-167, -156, -157,
-169, -170, -180, -187,
-189, -195, -206, -209

-- -- -- -- -- -- -- -- --

Total mono-CB 0.5 -- -- 45.3 108 106 -- 0.8 --
Total di-CB 19 73 54 1,130 2,070 2,460 21 36 13
Total tri-CB 54 140 100 702 1,580 2,400 200 60 30

Total tetra-CB 47 52 58 178 493 1,060 340 32 19
Total penta-CB 6.4 18 16 6.5 16.8 66.5 39 2.4 1.5
Total hexa-CB 0.5 -- -- -- -- -- 3.3 0.2 --
Total hepta-CB -- -- -- -- -- -- -- -- --
Total Octa CB -- -- -- -- -- -- -- -- --
Total Non-CB -- -- -- -- -- -- -- -- --

Total PCBs 127 282 230 2,070 4,270 6,100 600 132 62.7
"--" = Not calculated
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4.0 Discussion of Results

This section contains a brief discussion of the results presented in Section 3.  The general
analytical results are discussed first, followed by a discussion of each test series, and the total
estimated emission rate from the CDF and from the dredge barge.  A discussion of the data
limitations also is included.

4.1 Analytical Results
Polychlorinated biphenyls (PCBs) are aromatic compounds containing two benzene rings

with one or more substituent chlorine atoms.  There are 209 individual chlorinated chemicals
(known as congeners).   PCBs include compounds with a range of molecular weights, so they
exhibit a range of physical properties.  They exist at room temperature as oily liquids or solids.
PCBs have no odor. Some commercial PCB mixtures are known in the United States by their
industrial trade name, Aroclor.

The samples were analyzed for 30 individual PCB congeners and for class totals, based
on the number of chlorine atoms present in the molecule (e.g., di-substituted, tri-substituted).
Because they represent all 209 possible congeners, the class totals typically exceed the sum of
the 30 individual PCB congeners on the target analyte list.  The PCB congeners chosen by the
project team include the combined NOAA and WHO list of 28 congeners.  The congener number
and IUPAC name for each of the 30 target analytes are shown in Table L-5 (all tables appear at
the end of the section).

All of the emission flux samples had a similar composition of PCB congeners.  Di-, tri-,
and tetra-substituted chlorinated biphenyls (CBs) were the most common PCBs in each sample.
Lesser amounts of mono-, penta-, and hexa-substituted CBs also were present in most of the
samples.

4.2 Results by Test Series

4.2.1 Test Series A - Fresh Slurry
Flux chamber tests were performed on three samples of fresh slurry to determine the

steady-state emissions of this material.  No floating sheen or phase separation was observed for
any of the tests.  All three samples contained a similar composition of PCB congeners.  Di-, tri-,
and tetra-substituted chlorinated biphenyls (CBs) were the most common PCBs in each sample.
Lesser amounts of mono-, penta-, and hexa-substituted CBs also were present in each sample.
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The largest emission flux for any single congener in this test series was 630 ng/m2-min
for PCB-18 (a tri-chlorinated congener) in test A3.

Tests A2 and A3 exhibited a similar range of emission fluxes with the values generally
being within a factor of 2x between the two samples.  Test A1 had lower emission fluxes,
roughly 1/3 of the emission fluxes measured for test A2 and 1/5 of those for test A3.  The
variability in emissions is thought to be due to the short-term variability in the contaminant level
of the slurry being discharged from the pipe.

The floating boom within the CDF was constructed of 20 floats, each of which was 3m
(10 ft) in length.  Taking the overlap between floats into account, the circumference of the boom
was about 50m (160 ft).  The surface area enclosed within the boom is estimated to be 190 m2

(2,000 ft2).  If this entire area was covered with fresh slurry, the emission rate could be as high as
120 �g/min for PCB-18 and 780 �g/min for total PCBs (based on the results from test A3).  If
maintained for 24 hours, this emission rate is equivalent to 0.17 g/day of PCB-18 and 1.1 g/day
of total PCBs.

4.2.2 Test Series B - Water Cover Over Fresh Slurry
A series of tests were performed to measure the reduction in emissions after a 5 cm (2 in)

water layer was added over the fresh slurry.   The % control efficiency for each test pair is shown
in Table L-6.  In general, the addition of a water layer did not achieve a significant reduction in
emissions.  The average emission flux for the three tests of fresh slurry was actually 2% lower
than the average emission flux for the three tests after addition of water (2,480 versus 2,530
ng/m2-min).  The individual tests exhibited some variability in results.  Test B1 showed that total
PCB air emissions were reduced by 26%, whereas test B2 showed an increase in total PCB air
emissions of 20% and test B3 had essentially no change versus the fresh slurry before the
addition of water.  The original slurry had a relatively low solids content and the addition of
water served primarily to further dilute the slurry.

4.2.3 Test Series C -Sheen on Water Surface
Three tests were performed to measure the emission flux from sheen floating on the water

surface within cell 1 of the CDF.  The first two tests, C1 and C2, were performed at adjacent
locations.  As expected, the results for these two tests were equivalent.  The same congeners
were found in each sample and the measured emission flux for each congener and class total
generally agreed within �20%.  The water surface during these two tests was covered by a foam
or froth resulting from the nearby discharge of fresh slurry.  The third test, C3, was performed
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near an area of exposed sediment (i.e., a "sand bar").  The measured emission flux at this location
was a factor of 2x to 3x lower than the emission flux measured during tests C1 and C2.

The emission fluxes for the sheen were comparable to the emission fluxes measured for
the fresh slurry and for the fresh slurry with added water.  The average emission flux for the
three tests on sheen was 2,480 ng/m2-min, the same as the average emission flux for the three
tests performed with fresh slurry.  This suggests the sheen contains PCB’s dissolved in oil.  For
estimating the total emission rate for the CDF, it may not be necessary to differentiate between
areas of fresh slurry and areas covered by sheen.

The total surface area within the CDF covered by sheen varied over the course of testing.
During the initial days of dredging, the sheen appeared to be largely contained within the floating
boom.  During the subsequent days of dredging, however, the area within the boom filled with
sediment and the boom became less effective at containing the discharged slurry.  A large sheen
developed outside the boom and, at times, covered an area of several hundred square meters.

4.2.4 Test Series D - Water Surface Near Sheen
Two tests were performed to measure the emission flux from the water surface near areas

of sheen to evaluate the effects of a sheen on air emissions.  The two tests were performed at
differing distances from the nearest layer of sheen, but the measured emission fluxes are
essentially identical.  As shown in Table L-4, the results for tests D1 and D2 agree even more
closely with one another than the tests C1 and C2 where the flux chambers were positioned side-
by-side.  This suggests that the spatial variability in the emission flux from the water surface
within cell 1 of the CDF is not large.

The measured emission fluxes for this test series are compared in Table L-7 with the
results from the measurements made over sheen.  In general, the measured emission fluxes of
total PCBs from the water surface near sheen are about 45% lower than the measured emission
fluxes from the sheen itself.  The measurements over the water surface had reduced emissions of
mono-, di-, and tri-substituted CBs, but higher emissions of the heavier classes of PCBs.

The two tests, D1 and D2, were conducted near the location of test C3 and at roughly the
same time.  If the comparison is limited to just this one measurement over sheen, the measured
emission fluxes from the water surface are essentially identical to the measured emission fluxes
from sheen.  For example, the emission flux of total PCBs for test C3 was 1,320 ng/m2-min
versus emission fluxes of 1,280 and 1,430 ng/m2-min for tests D1 and D2, respectively.
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The data suggest that the hypothesis is incorrect and that the areas of sheen may not act
as a barrier to air emissions.

Cell 1 of the CDF has dimensions of 122m (400 ft) by 73m (240 ft), giving a total surface
area of 8,900 m2 (96,000 ft2). If this entire area were water cover over fresh slurry, the emission
rate could be as high as 2,100 �g/min for PCB-18 and 12,700 �g/min for total PCBs (based on
the results from test D2).  If maintained for 24 hours, this emission rate is equivalent to 3.1 g/day
of PCB-18 and 18 g/day of total PCBs.

During the testing performed at the CDF, it was estimated that fresh slurry covered an
area of 190 m2, so the total area covered by water was 8,700 m2.  Given the large surface area of
this source and the relatively high emission flux that was measured, it would have been
preferable to have conducted additional emission flux measurements of this source to better
characterize the average emission flux and the spatial distribution of emissions.

4.2.5 Test Series E - Sheen + Surfactant
One test was performed with each of three different surfactants to measure the

effectiveness of the surfactants in reducing air emissions.  As noted above, areas with sheen had
higher emission fluxes than adjacent areas without sheen, so removal of the sheen by a surfactant
should reduce the measured emission flux.  The tests were performed by adding surfactant to the
flux chambers immediately after the end of each test in test series C.  The % control efficiency
for each test pair is shown in Table L-8.  The most effective surfactant at achieving emissions
reduction was simple green, which showed an average reduction of 30% in air emissions for
post-application versus pre-application.

There was an increase in air emissions after the addition of the other two surfactants:
Dawn and Biosolve. Even for the Simple Green, there were reduced emissions of mono-, di-, and
tri-substituted CBs, but higher emissions of the heavier classes of PCBs than for the pre-
application test.  It is possible that the tests of Dawn and Biosolve were affected by changes in
contaminant level of fresh slurry added to the boom area during the performance of the tests.  An
increase in PCB level in the fresh slurry could have increased the emission flux in the boom area
and masked any reduction in emissions caused by the addition of surfactant.  As previously
noted, tests C3 and E3 (i.e., Simple Green) were performed outside the range of influence of the
discharge end of the pipe.
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4.2.6 Test Series F - Moon Pool at Dredge Barge
Four tests were performed within the moon pool at the dredge barge.  Tests F1 and F2

were conducted immediately after dredging had been completed on August 11.  Tests F3 and F4
were conducted while dredging was underway on August 14.  All four tests showed a similar
composition of PCBs.  The measured emission flux of total PCBs was:

Test
Total PCBs
(ng/m2-min)

F1 86.3
F2 303
F3 896
F4 934

The variability between the results of test F1 and test F2 indicates that there may be
significant spatial variability in emissions across the moon pool.  Furthermore, it appears that the
emission flux was much higher during active dredging than in the hour immediately after
dredging had been completed for the day, assuming the level of contamination in both cells was
roughly equivalent.

The emission fluxes measured at the moon pool were significantly lower than the
emission fluxes measured for fresh sediment (test series A) and for sheen (test series B) at the
CDF.  It is thought that the water within the moon pool acts to reduce air emissions from the
sediments stirred up from the harbor bottom.

The moon pool was roughly 7.6m (25 ft) by 9m (30 ft).  The total area within the silt
fence is estimated to be 85 m2 (915 ft2).  The data from tests F3 and F4 indicate that the emission
flux of total PCBs from the moon pool during dredging were approximately 78 �g/min.

4.2.7 Test Series G - Outside the Silt Fence at Dredge Barge
Three tests were performed outside the silt fence of the moon pool at the dredge barge.

Test G1 was conducted immediately outside the silt fence during dredging, just before tests F1
and F2 were conducted on August 11.  Tests G2 and G3 were conducted on August 16 from a
boat some distance from the silt fence during dredging.  The measured emission flux of total
PCBs was:
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Test
Total PCBs
(ng/m2-min)

G1 127
G2 282
G3 230

The results from test G1 were comparable to the results from tests F1 and F2, indicating
that the emission flux immediately on either side of the silt fence was the same.

The area of the plume outside the silt fence is not known.  The measurements in the boat
were made about 15m away from the silt fence, so it is safe to assume that the plume is at least
15m by 10m (the width of the moon pool), or 150 m2.  If so, the emission flux of total PCBs
from this area during dredging was approximately 38 �g/min.

4.2.8 Test Series H - Hopper / Grizzly at Dredge Barge
Three headspace samples were collected from the hopper at the dredge barge. The

measured concentration of total PCBs was:

Test
Total PCBs

(ng/m3)

Estimated
Emission Rate

(�g/min)
H1 2,070 10
H2 4,270 20
H3 6,100 30

The volume of the hopper below the grizzly screen is estimated to be 72 m3 (3m x 6m x
4m in height).  This volume is large relative to the volume of the dredge bucket.  An air emission
rate can be estimated for the hopper by multiplying the measured headspace concentration by the
volume of the hopper by the number of times per hour the air within the hopper is purged out
from dredged material, wind, and other factors.  The emission rates shown above were calculated
assuming the hopper air is purged out once every 15 minutes.
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4.2.9 Test Series I - Mud Flat in Harbor
Three tests were performed at areas known to be contaminated with relatively high levels

of PCBs.  The measured emission flux of total PCBs was:

Test
Total PCBs
(ng/m2-min)

I1 600
I2 132
I3 62.7

These emission fluxes are low compared with the average emission flux measured from
fresh slurry during test series A (2,480 ng/m2-min).  It is likely that the surface soil in the mud
flat has been depleted of PCBs over time via volatilization.

The spatial variability in air emissions at the mud flat is expected to be very large, based
on the existing PCBs in soils data.  No attempt was made to estimate an overall emission rate for
the mud flat area.

4.3 Estimated Emission Rate from the CDF and Dredge Barge
The estimated emission rate of total PCBs from the CDF and from the dredge barge are

shown in Table L-9.  The emission rate of PCBs from the dredge barge is estimated to be 140
�g/min, with about one-half of that amount coming from the moon pool.  The emissions from the
dredge bucket itself are assumed to be zero.  The emission rate of PCBs from the CDF is
estimated to be 12,000 �g/min, with over 90% of that coming from the water surface of the CDF
and only an insignificant fraction of the total emissions coming from the fresh slurry within the
boom.

Overall, the PCB emissions are dominated by the emissions from the water surface of the
CDF.  All of the other air emission sources are small relative to this source.  While other air
emission sources had a larger emission flux, the surface area of these other sources is small
relative to the nearly 8,700 m2 of the CDF.  The CDF contained only clean water at the start of
the study and it is likely that the relative contribution of the CDF to the total emissions would
increase over time as more slurry is added.

4.4 Limitations of the Data Set
The purpose of this study was to measure the emission flux of PCBs during dredging

operations.  Only a very limited number of data points were collected for each emission source
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associated with the dredging, so the absolute magnitude of each emission source can not be
reported with confidence.  Instead, the measurement data should be viewed as providing
information about the relative strength of the various emission sources.

Measurements were made during a one-week period when dredging operations were in a
start-up mode.  No attempt was made to determine the short-term or long-term variation in
emissions from the various sources.  The emission fluxes at the site may change with time.  For
example, emission fluxes from the dredge barge should vary as a function of the PCB
concentration in the sediments being dredged.  The emission fluxes from the CDF may change as
the amount of sediments in the basin increases and as the average PCB level and % solids in the
discharged material varies.

It was not the objective of this study to characterize the local air quality.  The data
presented in this report do not directly address this issue, but the data set can be used as an input
to an atmospheric dispersion model to estimate short-term and long-term ambient concentrations
at various locations within the community.  These data then could be compared with existing
regulatory and health standards as part of an air pathway assessment.
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Table L-5.  PCB Congener Number and IUPAC Naming Convention

Congener IUPAC Chemical Name
PCB-8 2,4’-Dichlorobiphenyl

PCB-18 2,2’,5-Trichlorobiphenyl
PCB-28 2,4,4’-Trichlorobiphenyl
PCB-44 2,2’,3,5’-Tetrachlorobiphenyl
PCB-52 2,2’,5,5’-Tetrachlorobiphenyl
PCB-66 2,3’,4,4’-Tetrachlorobiphenyl
PCB-77 3,3’,4,4’-Tetrachlorobiphenyl
PCB-81 3,3,4’,5-Tetrachlorobiphenyl
PCB-901 2,2’,3,4’,5-Pentachlorobiphenyl

PCB-1011 2,2’,4,5,5’-Pentachlorobiphenyl
PCB-118 2,3’,4,4’,5-Pentachlorobiphenyl
PCB-123 2’,3,4,4’,5-Pentachlorobiphenyl
PCB-105 2,3,3’,4,4’-Pentachlorobiphenyl
PCB-114 2,3,4,4’,5-Pentachlorobiphenyl
PCB-126 2,2,3,4,5,-Pentachlorobiphenyl
PCB-151 2,2’,3,5,5’,6-Hexachlorobiphenyl
PCB-128 2,2’,3,3’,4,4’-Hexachlorobiphenyl
PCB-138 2,2’,3,4,4’,5-Hexachlorobiphenyl
PCB-153 2,2’,4,4’,5,5’-Hexachlorobiphenyl
PCB-167 2,3’,4,4’,5,5’-Hexachlorobiphenyl
PCB-156 2,3,3’,4,4’,5-Hexachlorobiphenyl
PCB-157 2,3,3’,4,4’,5’-Hexachlorobiphenyl
PCB-169 3,3’,4,4’,5,5’-Hexachlorobiphenyl
PCB-170 2,2’,3,3’,4,4’,5-Heptachlorobiphenyl
PCB-180 2,2’,3,4,4’,5,5’-Heptachlorobiphenyl
PCB-187 2,2’,3,4’,5,5’,6-Heptachlorobiphenyl
PCB-189 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl
PCB-195 2,2’,3,3’,4,4’,5,6-Octachlorobiphenyl
PCB-206 2,2’,3,3’,4,4’,5,5’,6-Nonachlorobiphenyl
PCB-209 Decachlorobiphenyl

1 These two congeners co-elute.

Note:  PCB-90 and PCB-151 are not on the WHO or NOAA list of congeners.
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Table L-6.  Measured Emission Reduction after Application of Water Layer to
Fresh Slurry

Congener

Reduction in Emissions
Test B1 vs. Test A1

(%)

Reduction in Emissions
Test B2 vs. Test A2

(%)

Reduction in Emissions
Test B3 vs. Test A3

(%)
PCB-8 -44 -4.2 -26

PCB-18 -44 +28 -21
PCB-28 -6.9 +96 +51
PCB-44 +10 +42 +73
PCB-52 -3.8 +31 +49
PCB-66 +103 +72 --

PCB-90/101 +64 +64 +124
PCB-151 -- +180 +180
PCB-128 -- -- --
PCB-138 -- -- --
PCB-153 -- -- --

Total mono-CB -64 -48 -52
Total di-CB -45 -8.7 -25
Total tri-CB -24 +50 -1.2

Total tetra-CB +3.7 +35 +57
Total penta-CB +32 +151 +208
Total hexa-CB +90 +68 -37
Total hepta-CB -- -- --
Total octa-CB -- -- --
Total nona-CB -- -- --

Total PCBs -26 +20 -2.6

Notes:  1.  A positive value (e.g., +64%) indicates that the emissions increased after the water layer was applied.
2.  "--" indicates that the value was not calculated because no PCBs were detected.
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Table L-7. Comparison of Measured Emission Flux from Areas of Water Near
Sheen With Areas of Sheen

Congener

Average Emission Flux
Test Series C - Sheen

(ng/m2-min)

Average Emission Flux
Test Series D - Water

Near Sheen
(ng/m2-min)

Reduction in Emissions
Test Series D vs. C

(%)
PCB-8 402 140 -65

PCB-18 298 202 -32
PCB-28 45.9 60.0 +31
PCB-44 24.1 27.4 +14
PCB-52 43.6 46.4 +6.4
PCB-66 0.9 1.5 +61

PCB-90/101 1.3 3.4 +151
PCB-151 -- -- --
PCB-128 -- -- --
PCB-138 -- -- --
PCB-153 -- -- --

Total mono-CB 85.4 14.2 -83
Total di-CB 1,380 452 -67
Total tri-CB 807 655 -19

Total tetra-CB 192 202 +5.2
Total penta-CB 12.5 30.6 +146
Total hexa-CB 0.4 0.7 +84
Total hepta-CB -- -- --
Total octa-CB -- -- --
Total nona-CB -- -- --

Total PCBs 2,480 1,350 -45

Notes:  1.  A positive value (e.g., +64%) indicates that the emissions from the water surface were higher than
                   emissions from the sheen.

2.  "--" indicates that the value was not calculated because no PCBs were detected.
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Table L-8.  Measured Emission Reduction after Application of Surfactant

Congener

Reduction in Emissions
Test E1 vs. Test C1

Dawn
(%)

Reduction in Emissions
Test E2 vs. Test C2

Biosolve
(%)

Reduction in Emissions
Test E3 vs. Test C3

Simple Green
(%)

PCB-8 +42 +11 -59
PCB-18 +33 +46 -36
PCB-28 +85 +100 +107
PCB-44 +64 +87 +2.2
PCB-52 +48 +108 -2.7
PCB-66 +110 +114 +42

PCB-90/101 +104 --a +92
PCB-151 -- -- --
PCB-128 -- -- --
PCB-138 -- -- --
PCB-153 -- -- --

Total mono-CB +10 -17 -80
Total di-CB +37 +3.1 -62
Total tri-CB +49 +52 -10

Total tetra-CB +57 +107 +1.8
Total penta-CB +90 +129 +26
Total hexa-CB +93 +60 +79
Total hepta-CB -- -- --
Total octa-CB -- -- --
Total nona-CB -- -- --

Total PCBs +42 +22 -30

a - PCB-90/101 was detected after surfactant addition, but not before.

Notes:  1.  A positive value (e.g., +64%) indicates that the emissions increased after the surfactant was applied.
2. "--" indicates that the value was not calculated because no PCBs were detected.
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3. 
Table L-9. Estimated Emission Rate for CDF and Dredge Barge

Emission Source

Emission Flux
Total PCBs
(ng/m2-min) Data Source

Surface Area
(m2)

Emission Rate
Total PCBs

(�g/min)
CDF - Fresh Slurry 2,480 Tests A1, A2, A3 190 470

CDF - Water
Surface

1,360 Tests D1, D2 8,700 12,000

Total for CDF =
12,000

Moon Pool 915 Tests F3, F4 85 78
Outside Silt Fence 256 Tests G2, G3 150 38

Hopper n/a Tests H1, H2, H3 n/a 20
Total for Dredge

Barge = 140
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5.0 Quality Assurance and Quality Control Measures

The quality assurance and quality control (QA/QC) measures used during the monitoring
program focused on defining the various elements of the monitoring in terms of precision,
accuracy, and background contamination.  Specific QA/QC actions during this program were:

� Use of pre-sampling surrogate spiking to assess sample collection efficiency;

� Collection of field blank samples to assess potential background contamination due to
residual media background and sample handling;

� Calibration of thermocouples used to measure temperature; and

� Calibration of flow meters used to determine flow rates of the sweep air and sample
collection.

Each of these elements is discussed in the following subsections.

5.1 Background Assessments
Background assessments were accomplished by collecting and analyzing two field blanks

(one with each sample shipment to the off-site analytical laboratory).  The field blanks were
prepared and spiked sampling media that were sent to the field and handled in the same manner
as a field sample, except that no sample air was drawn through the media.  These samples were
handled, shipped, extracted, and analyzed exactly the same as the regular field samples.  Sorbent
media is prone to residual contamination, which may occur due to laboratory contamination,
exposure to environmental conditions at the monitoring site, or from handling and shipping.  The
field blank results include the contribution from all of these sources.

The field blank results are included in Attachment C.  None of the individual 30 PCB
congeners were detected in either of the blank samples above the reporting limit of 1 ng.  A
small amount of di-chlorinated biphenyl (1.4 ng) was detected in one blank, with no other
congeners being detected.  The total di-chlorinated biphenyl concentrations in the regular
samples ranged from 64 ng to 13,000 ng per sample.  Therefore, this blank value represents, at
most, 1% or less of the total di-chlorinated biphenyl concentration.  Therefore, neither laboratory
nor environmental contamination had a significant impact on the sample concentrations.
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5.2 Precision Assessments
No duplicate or replicate samples were included in the test matrix, so no field checks of

combined sampling and analytical precision were performed.  It is possible, however, to estimate
the overall field precision from side-by-side samples collected over similar emitting surfaces
(e.g., tests C1 and C2).  As shown in Section 3, the results of these tests generally agreed with
�20% for each congener and class total.

The analytical precision was determined from the replicate analysis of laboratory control
samples (LCS).  These results of two sets of LCS1/LCS2 analyses are contained in Attachment
C.  The percent relative percent difference (%RPD) for all 28 congeners was generally less than
5% and always was less than or equal to 11%.

5.3 Accuracy Assessments
No checks of total sampling plus analytical accuracy, such as performance audit samples,

were attempted during this short-term field sampling effort.

Analytical accuracy was assessed through the use of pre-sampling surrogates.  Each
sampling cartridge was spiked prior to sample collection with two deuterated surrogates; 13C-
PCB-52 and 13C-PCB-178.  The recovery of these two compounds includes losses due to
sampling, extraction, and analytical recovery and the values should be representative of the
recovery of native compounds. The surrogate recoveries are summarized in Table L-10.  In
general, surrogate recoveries of ± 30% (e.g., 70 – 130% recovery) are considered good. All
surrogate recoveries for all 29 samples were within ± 30%.  These data indicate that the PCB
congeners were being collected efficiently and were not being lost during the extraction and
analysis procedures.

The accuracy of the measurement equipment was checked.  This included checks of the
rotometers used to control and measure the flow of sweep air flow rate into the flux chamber, the
rotometers used to measure the flow rate of sample through the sorbent cartridge, and the
thermocouples used to measure the ambient and chamber temperatures.  All were calibrated
against primary measurement standards.

The flow meters used to regulate the flow of sweep air into the flux chamber were
calibrated at a single point (5 L/min) since the flow rate for this parameter was kept constant
during all of the flux chamber sampling runs.  Following the determination of flow meter setting
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 for 5 L/min, the setting was written on each flow meter so the flow could be set and maintained
during each run.  The flow meters used to measure the flow rate for each sample were multipoint
calibrated because these flows were subject to change due to differences in sorbent loading and
cartridge back pressure.  These flow meters were calibrated at four points over the range of the
meter.  All of these flow meters had correlation coefficients (r2 values) of greater than 0.999.
The calibration curves for the flow meters are shown in Attachment E.

The thermocouples were calibrated at three points (ice point, ambient temperature, and
boiling water).  The temperature measured with the thermocouple was compared against a NIST
traceable mercury in glass thermometer.  The thermocouples were accepted if the difference
between the thermocouple temperature and the traceable thermometer were within 5%.  Copies
of the thermocouple calibrations are contained in Attachment E.
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Table L-10.  Summary of Surrogate Spike Recoveries

Surrogate Recovery (%)Sample 13C-PCB-52 13C-PCB-178
URS -A1 102 106
URS -A2 110 110
URS -A3 114 110
URS-B1 106 106
URS -A4 104 106
URS -A5 114 102
URS -A6 102 104
URS -A7 108 104
URS -A8 104 112
URS -A9 88 98

URS -A10 112 100
URS -A11 90 98
URS -A12 96 102
URS -A13 110 104
URS -A14 103 105
URS -A15 101 109
URS -A16 105 105
URS -A17 105 104
URS -A18 101 102
URS -A19 105 109
URS -A20 94 101
URS -A21 103 104
URS -A22 85 91
URS -A23 76 102
URS -A24 89 101
URS -A25 70 78
URS -A26 87 98
URS -A27 83 104
URS-B2 90 105

Min 70 78
Max 114 112
Mean 98.5 102.8
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